Dispersal and gene flow are important processes affecting the evolutionary potential of wild populations. Assessing the importance of such patterns is thus critical, especially in contexts where environmental attributes may enhance or restrict the movements of individuals across patchy habitats. A landscape genetics approach is effective in that respect as it combines spatial and genetic data to identify landscape features that play a role in shaping genetic structure. The primary objective of our research was to characterize the determinants of population genetic structure in the eastern chipmunk (Tamias striatus) over a large heterogeneous study area in southern Quebec and Ontario, Canada. We genotyped 572 individuals using 7 microsatellites loci and found an average F ST of 0.127 ± 0.035 among our 7 sampling sites. We found evidence that major rivers act as important barriers to gene flow at a large scale. We also detected a signal of male-biased gene flow at all scales considered. Our findings highlight the importance of simultaneously taking into account landscape elements and geographic distance, considering the scale at which determinants of genetic structure may act and using the appropriate measures to detect sex-biased dispersal based on the characteristics of the sampling design.
Identifying and explaining patterns of population genetic structure in natural populations is vital for our understanding of how genetic variation is maintained across a species' range. Patterns of dispersal or gene flow may greatly affect the evolutionary and adaptive potential of populations, either positively or negatively (Slatkin 1987 ; reviewed in Garant et al. 2007) . It is thus essential to assess the importance of these patterns, especially in contexts where environmental attributes may enhance or restrict the movements of individuals across patchy habitats (see Sork et al. 1999) . A landscape genetics approach allows the use of a combination of spatial and genetic data in order to identify landscape features that play a role in shaping the genetic structure of populations (Manel et al. 2003; Storfer et al. 2007) . One of the first spatial determinants of genetic structure empirically investigated using molecular tools was the geographic distance between populations (e.g., Dewey and Heywood 1988; Waser and Elliott 1991) . Given that the overall range of a species is generally larger than its average dispersal distance, it is likely that populations in close proximity will be less differentiated than populations further apart, as opposed to the traditional island model (Slatkin 1985; Wright 1943) . This pattern of differentiation is referred to as isolation by distance (IBD) and has been detected in many study systems and at many geographic scales (e.g., Mills et al. 2007; Pogson et al. 2001) .
Using new and repurposed statistical tools, the landscape genetics approach allows researchers to go beyond geographic distance and correlate the genetic discontinuities detected in a data set with the landscape features present in the sampling area (Manel et al. 2003) . As such, obstacles to gene flow (anthropogenic or natural) in a system can be identified with precision and, consequently, gene flow has often been shown to be constrained by physical barriers present in the environment (see Keyghobadi et al. 1999; Crispo et al. 2006; Giordano et al. 2007 ). Such information is crucial to obtain as it can guide conservation and management efforts, as well as help predict the effects of anthropogenic land use modifications on existing populations (e.g., Lada et al. 2008 ). Yet, for many species with limited dispersal and living across fragmented landscapes, it is still unclear at what scale a barrier to gene flow will be most important in shaping population structure and genetic variation.
Besides landscape influences, population genetic structure can also be shaped by factors intrinsic to a species' life history and behavior (Whitehead et al. 1998; McDonald et al. 1999; Clark et al. 2008) . One such determinant shown to affect the structuring of genetic variation within a species is gender (Lawson Handley and Perrin 2007) . Sex-biased dispersal has been studied extensively in mammals and birds, and a trend has emerged where male-biased dispersal is common in mammalian species whereas dispersal in avian species is generally female-biased (Greenwood 1980; reviewed Lawson Handley and Perrin 2007) . However, for both taxa, exceptions to the trend have been identified (e.g., greater white-toothed shrew [Crocidura russula]- Favre et al. 1997 ; red-billed quelea [Quelea quelea]- Dallimer et al. 2002) . Furthermore, there is some evidence that the direction of the bias is unclear even intraspecifically (see e.g., McNutt 1996) . One possible reason for these equivocal results is the disparity in the scale of analyses among studies, whereby one sex might be wrongly identified as the dispersing sex if the sampling scale is too small relative to the dispersal capacity of the species or if landscape influences are not taken into account in such analyses. It is therefore important to include groups of animals collected over an appropriate scale relative to the biology of the species and to combine such analyses with ones including major landscape determinants of population structure.
Prior to the use of genetic markers, direct methods such as telemetry and capture-mark-recapture-based studies were the principal means of detecting sex-biased dispersal (Koenig et al. 1996) . These methods have been shown to suffer from biases related to the finite size of study areas, difficulty of detecting long-distance dispersal events, imperfect relationship between observed dispersal (individuals moving to a new site) and effective dispersal (successful establishment and subsequent reproduction of dispersing individuals in the new site), and restricted time period of studies (Koenig et al. 1996; Bohonak 1999; Whitlock and McCauley 1999) . Direct methods are now being combined with indirect methods of detection that use genetic markers that are less sensitive to these types of biases (Lawson Handley and Perrin 2007; Schweizer et al. 2007 ). Indirect methods of detecting sex-biased dispersal are based on the spatial distribution of alleles, and 2 approaches are most commonly used. The first compares the difference in genetic structure between the sexes using F-statistics, whereas the second compares the average ''assignment index'' of each sex (Goudet et al. 2002) . The assignment index is a measure of the probability of an individual's genotype in the population in which it was captured (Favre et al. 1997; Paetkau et al. 2004) ; overall lower assignment indices for one sex suggest that dispersal is biased for that sex. Given that comparisons of the results from direct and indirect methods are not always congruous (Hammond et al. 2006) , it is imperative to compare information derived from both types of methods to better interpret their biological meaning (see also Goudet et al. 2002) .
The general objective of this study was to characterize the determinants of population genetic structure in the eastern chipmunk (Tamias striatus)-a small-sized rodent abundant throughout eastern North America-over a large heterogeneous area in southern Quebec and Ontario, Canada. Little is known about the determinants of population genetic structure in heterogeneous landscapes for small mammals, which is a potential problem given that they should be affected by habitat changes occurring at different scales (see Gauffre et al. 2008) . Furthermore, although eastern chipmunks have apparently persisted throughout the northern part of North America in a complex set of glacial refugia and have even expanded south from such refuges (Rowe et al. 2004) , their pattern of genetic variation and population structuring is still largely unknown in this region. We thus first established that genetic structure does, in fact, exist at the scale of our sampling area. Then, we investigated geographic factors (e.g., linear geographic distance and landscape barriers to gene flow) to identify their roles in shaping the pattern of genetic structure we observed. Finally, we sought to assess if sex-biased gene flow occurs in this species and to determine how the scale of sampling can influence its detection.
Materials and Methods

Study Area and Tissue Sampling
Sampling was conducted in 7 different sites across southern Quebec and Ontario, Canada ( Figure 1 ) covering approximately 35 000 km 2 . These sites are separated by natural barriers such as rivers and reflect the typical habitats of eastern chipmunks throughout their range (Figure 1 ). Adult chipmunks were captured, after dispersal and before reproduction, using Sherman or Longworth traps, marked using ear tags, sexed, and tissue sampled from the outer rim of the ear (2 mm 2 ) for subsequent genetic analyses. Tissue samples were preserved in 95% ethanol until DNA extractions.
DNA Extraction and Microsatellite Analyses
DNA extraction was performed using a modified version of salting-out method of Aljanabi and Martinez (1997) . Briefly, after allowing ethanol to evaporate from the tissue sample, saline extraction buffer (2 mM ethylenediaminetetraacetic acid, 10 mM Tris-HCl, 0.4 M NaCl), sodium dodecyl sulfate and proteinase K were added to the sample and incubated overnight at 60°C. The following morning, more proteinase K was added; the mixture was vortexed and incubated for 2 additional hours at 60°C. Once digested, 300 ll of 6 M saline solution was added and the mixture was vortexed and centrifuged for 30 min at 6000 g. We then transferred 600 ll of the aqueous solution into a clean 1.5-ml microtube. The DNA was precipitated by a 1-h incubation at -20°C with 600 ll isopropanol and then pelleted by centrifugation for 20 min at 10 000 g. Pellet was rinsed with 200 ll of 70% ethanol, spun again at 10 000 g for 10 min, and then left to air dry over night. The next day, the pellet was resuspended using 200 ll of distilled water. After having determined the DNA concentration using gel electrophoresis, samples were diluted to a concentration of 5 ng/ll for polymerase chain reaction (PCR) amplification.
We used a PCR protocol employing primer sets from both Anderson et al. 2006 (EaCh 3, EaCh 4 , EaCh 7, EaCh 11, EaCh 12) and Peters et al. (2007) (Chip 5, Chip 14, Chip 39, Chip 204 ). An additional unpublished microsatellite locus, Chip 11, was also used to complete our suite of 10 microsatellite loci. After preliminary analyses (details below), we discarded 3 loci (Chip 14, Chip 204, EaCh 7) and thus worked with a final panel of 7 microsatellites (see Table S1 of Supplementary Material) for the remaining analyses. Microsatellite loci amplification was performed using a GeneAmp PCR System 9700 thermocycler (Applied Biosystems, Foster City, CA) and the 10-ll reaction mixture recipes for each locus are provided in Table S2 of Supplementary Material. PCR products were visualized using an AB 3130 capillary DNA sequencer (Applied Biosystems). Specifically, 0.1 ll of 600 Liz (Applied Biosystems) internal size standard and 8.9 ll of Formamide Hi-Di (Applied Biosystems) were added to 1 ll of each PCR product. Allele size was scored using the software Genemapper version 4.0 (Applied Biosystems).
Genetic Differentiation Analyses
In order to ensure that the microsatellite loci were appropriate for use in this study, we tested them for departure from Hardy-Weinberg equilibrium and linkage disequilibrium, using the randomization approach implemented in the software FSTAT (version 2.9.3.2; Goudet 1995), and for the presence of null alleles, using the software Cervus that calculates the frequency of null alleles using an iterative algorithm based on observed and expected frequencies of the different genotypes (Kalinowski et al. 2007 ). Number of alleles and observed and expected heterozygosities were established for each of the seven loci with the software Cervus (version 3.0.3; Marshall et al. 1998 ), and we estimated allelic richness (A R ) at each locus using the software FSTAT (version 2.9.3.2; Goudet 1995) .
Given that the samples from our Ruiter Valley 1 site ( Figure 1 ) were collected more than 3 years (2005, 2006, 2007) , we first assessed the extent of genetic differentiation among years using the multilocus Weir and Cockerham (1984) estimator of F ST implemented in FSTAT. As no significant differentiation (before or after Bonferroni correction) was found between years (see Table S3 of Supplementary Material), data from all years for this site were pooled in our remaining analyses (as animals are individually marked with permanent ear tags, samples from different years do not include the same individuals).
In order to establish the pattern of genetic differentiation among the 7 sampling sites across our study area, we computed both the global and pairwise F ST indices using FSTAT. To further assess genetic relationships between populations, we then plotted an unrooted neighbor-joining tree based on Cavalli-Sforza and Edwards' (1967) genetic distance calculations (D CE ) obtained using Phylip (version 3.68; Felsenstein 1989 ). This measure is relatively insensitive to both fluctuations in population size and mutation model and has been shown to perform most accurately in terms of identifying correct tree topology for intraspecific data sets Takezaki and Nei 1996) .
We also used the Bayesian clustering approach implemented in STRUCTURE v.2.3 (Pritchard et al. 2000) , where no a priori assumptions of population structuring are made, in order to assess the most likely number of genetic clusters in our data set. We used an admixture model with correlated allele frequency and the following parameter values: k 5 1.0, a burn-in period of 50 000 iterations and 200 000 replicates of the Markov Chain. Five independent runs were conducted for each value of K (number of groups), with K ranging from 1 to 7 (the maximum value of K being set to the number of sampling sites in our study system), and the log Pr(X|K) was averaged for each K. We then computed the DK as the rate of change in log probability among K values (Evanno et al. 2005) and identified the real K using the modal value of the distribution of DK (see Evanno et al. 2005) .
Landscape Genetic Analyses
To identify the factors shaping genetic structure in this species, we looked at linear geographic distance and potential barriers to gene flow. The presence of IBD was assessed using the Mantel test (Mantel 1967) implemented in FSTAT. If a significant relationship is found between a pairwise genetic differentiation matrix using linearized (Rousset 1997 ) and a geographic distance matrix, this indicates that IBD is present among the sampling sites. We then used the software Barrier (version 2.2; Manni et al. 2004) , which uses Monmonier's maximum difference algorithm, to identify putative locations of obstacles to gene flow within this study system. We used 2 approaches to identify likely barriers with this software. First, we ran the analysis using a pairwise F ST matrix. Two criteria were used to gauge how strongly supported the identified barriers were 1) the number of loci supporting the barrier when the analysis was run with each locus individually and 2) whether the identified barrier was supported when the analysis was run with all the loci simultaneously (Manni et al. 2004 ). Our second approach employed Cavalli-Sforza and Edwards' genetic distance matrices resulting from our resampled data set (10 000 times) generated using Seqboot from the Phylip software package (Felsenstein 1989) . For this approach, we used bootstrap support to gauge barrier robustness (Manni et al. 2004) . We then further investigated the possible impact of the identified barriers on the patterns of genetic differentiation in our study system by using partial Mantel tests (implemented in FSTAT). This allowed us to establish the strength and significance of the partial correlation between the potential barriers, the geographic distance, and the pattern of genetic differentiation we observed. We specifically tested if taking into consideration the presence of barriers provided additional explained variation in comparison to the simple Mantel test that only included geographic distance as an explanatory variable.
Given the mounting evidence for the St Lawrence River (Figure 1 ) as a major barrier to gene flow (see results), we used an analysis of molecular variance (AMOVA; implemented in Arlequin (version 3.1; Excoffier et al. 2005) ) to further assess the effect of this barrier on genetic variation by separating our sampling sites into groups located north and south of the St. Lawrence River. We predicted that if the barrier truly isolates groups of sites, a larger proportion of the variation in our data set would be due to this large scale grouping than that resulting from sampling sites alone. Also, given that the St Lawrence is a long-standing barrier in the system, we tested for a signal of historical isolation between sites on opposite sides of the river by comparing pairwise R ST to the equivalent F ST values (as estimated using permuted values of R ST [so-called pR ST ] that approximate the null distribution of F ST ) using SPAGeDi (version 1.2; Hardy and Vekemans 2002) . A significantly greater R ST than F ST between 2 sites would indicate that stepwise mutations contributed considerably to the resulting population differentiation thus suggesting a greater isolation time among these sites compared with pairs of sites where F ST and R ST are found to be similar (Hardy et al. 2003) .
Sex-Biased Dispersal
We used the biased dispersal function of FSTAT to compare the variance in assignment indices (v AI ), the mean assignment indices (m AI ), and the F ST values for males and females separately. If dispersal is sex-biased, we would expect a higher v AI , a lower m AI , and a lower F ST , all suggesting a weaker genetic structure, for the more dispersing sex (Lawson Handley and Perrin 2007) . Given that detection of sex-biased dispersal reaches maximum power for each of these measures under different combinations of dispersal rate, bias intensity, and sampling scheme (for detailed modeling analyses, see Goudet et al. 2002) , we tested all 3 measures at various geographic scales (global, north of St Lawrence River, and south of St Lawrence River) to assess their performance at each of these scales.
Results
Microsatellite Polymorphism
A total of 572 individual chipmunks were genotyped (Table 1 ). The average number of alleles per locus was 8.43 (range: 3-13; Table 1 ). Expected heterozygosity per locus per site ranged from 0 for EaCh 3 that was monomorphic for Kenauk Reserve to 0.848 for EaCh 11 at Ruiter Valley 2. Observed heterozygosity ranged from 0 (EaCh 3-Kenauk Reserve) to 0.939 (EaCh 12-Ruiter Valley 2). Although some locus pair-site combinations exhibited significant linkage before Bonferroni correction, none of these disequilibria were consistent across the majority of sites and none were significant after Bonferroni correction (Rice 1989 ). There were 3 locus-site combinations that exhibited departure from Hardy-Weinberg equilibrium before Bonferroni correction; however, they were not present within the same site. No departures from Hardy-Weinberg equilibrium were detected after Bonferroni correction. Null alleles were found at low frequencies within our data (usually below 0.05).
Genetic Differentiation Analyses
The average between-site geographic distance in our study system was 211.9 km (range: 0.6-482.1 km; Table 2 ). The average F ST among sites was 0.127 ± 0.035. Significant levels of genetic differentiation among sites were found in all but 2 comparisons after Bonferroni correction (before correction all were significant; Rice 1989) (F ST values ranging from 0.001 to 0.219; see Table 2 ). The unrooted neighbor-joining tree established based on the CavalliSforza and Edwards' genetic distance (D CE ) showed a main separation between the Mont St-Hilaire, Orford Park, Ruiter Valley 1 and 2 sites and the Kenauk Reserve, Gatineau Park, and Algonquin Park sites with 100% bootstrap support (Figure 2) . Results from Structure were also supportive of a break between these locations (see Figure 3 ) and the peak in distribution of DK (value 5 48.1) was found at K 5 2.
Landscape Genetic Analyses
We first found that linear geographic distance explains 35.4% of the genetic differentiation among sites, suggesting Sample size (number of females, males, and unknowns typed for each site). the presence of IBD in our study system (Figure 4 ). Using Barrier and F ST matrices (locus by locus and multilocus models), we were able to identify 3 likely barriers to gene flow in the landscape. The first barrier separated the Mont St-Hilaire, Orford Park, and Ruiter Valley 1 and 2 sites from the Kenauk Reserve, Gatineau Park, and Algonquin Park sites. This barrier was supported by 7 out of 7 individual locus tests as well as by the multilocus model. The second barrier was identified between Algonquin Park, and the remaining 6 sites and was supported by 3 out of 7 loci as well as by the multilocus model. Overlain on the map (see Figure 1 ), these barriers are consistent with the presence of the 2 major rivers that transect our study area, the St Lawrence River and the Ottawa River, respectively. A third, although less strongly supported, barrier was identified between the Mont St-Hilaire and Orford Park sampling sites and was supported by 2 out of 7 loci as well as by the multilocus model. Our second approach, using resampled Cavalli-Sforza and Edwards' genetic distance matrices, identified the same 3 barriers as being the most likely. When the software was asked to identify a single barrier, the barrier corresponding to the St Lawrence River was identified by 100% of bootstrap values. When the software was asked to identify a second barrier, the barrier corresponding to the Ottawa River was identified as second barrier by 69% of bootstrap values. When a third barrier was requested, the barrier isolating Mont St-Hilaire was chosen as third barrier by 42% of bootstrap values.
To further assess the extent of the effect of the St Lawrence River on the pattern of genetic differentiation observed, we used partial Mantel tests correlating linearized F ST with geographic distance and the presence of the St Lawrence River. The results showed that when we accounted for the presence of the St Lawrence River, the IBD signal disappeared completely (Table 3) . Also, our AMOVA analysis revealed a significant among groups (north vs. south of St Lawrence) variance component (11.5% of total variance, P , 0.001; Table 4), which was almost 3 times as important as the among sites within groups underlying level (4.4%, P , 0.001; Table 4 ). The remainder of the variation was due to the ''within-sites'' level (84.1%, P , 0.001). Finally, in support of the St Lawrence being an historical barrier to gene flow, results indicated significantly higher pairwise R ST than pR ST only for pairs of sampling sites on opposite sides of the River (Table S4 of Supplementary Material). These analyses thus further emphasize that the pattern of genetic differentiation observed in this system is strongly dictated by the presence of the St Lawrence River.
Sex-Biased Dispersal
Analyses of sex-biased dispersal conducted over the entire geographical range of our sampling sites revealed that v AI was significantly greater for males than for females (male v AI 5 6.432, female v AI 5 4.680, P 5 0.038). m AI was higher for females than for males, but this difference was not significant (male m AI 5 -0.103, female m AI 5 0.126, P 5 0.125). F ST comparisons revealed no significant differences in the level of genetic differentiation among sexes but still suggested a weaker structure for males than for females (male F ST 5 0.121, female F ST 5 0.135, P 5 0.346) (Table 5) .
Again, given the evidence for the St Lawrence being an important barrier to gene flow, we recalculated our (Table 5) .
Discussion
The main objectives of this research were to characterize the population genetic structure of eastern chipmunks and identify its main determinants over a large heterogeneous study area. We found evidence for major rivers acting as important barriers to gene flow at a large scale. We also detected a signal of male-biased gene flow at all scales considered.
Landscape Determinants of Genetic Structure
Isolation by Distance IBD is the expected pattern of genetic differentiation for studies whose spatial scales are larger than the average dispersal distance of the species studied (Wright 1943; Slatkin 1985) . In the analysis using all our sampling sites, we found a significant correlation between genetic differentiation and geographic distance between sampling sites explaining 35% of the variation in the data. Yet, when we furthered our investigation and took into account the St Lawrence River with the partial Mantel test, the IBD signal was no longer present. This suggests that the initial signal we detected was in fact driven by the underlying effect of the presence of the St Lawrence River (see also Slatkin 1993) . This finding is a clear example emphasizing the importance of including major landscape features in analyses attempting to explain patterns of genetic structure in expanses of heterogeneous landscape (see also Trénel et al. 2008) . Another important point to consider in the context of IBD analyses is whether the system studied has attained equilibrium between genetic drift and gene flow, particularly in the context of post-glacial systems such as ours, where time since colonization should increase the strength and significance of the IBD signal. Yet, a metaanalysis by Crispo and Hendry (2005) , aiming to assess the presence of this pattern, suggested only a weak effect of time since colonization on strength and significance of IBD. As such, our lack of IBD signal after taking into account the St Lawrence may be the result of our system being ''young'' in evolutionary time as it is post-glacial. There are a host of other reasons that could explain why we did not detect a signal, not least of which is that there simply is no IBD at the scale we studied, or that colonization potentially occurred from different glacial refugia (Rowe et al. 2004) and that time since colonization could consequently vary between post-glacial expansions. Additional data would need to be collected to better address these types of questions.
Barriers to Gene Flow
Our data set allowed us to identify three potential barriers to gene flow in our study system, one of which was strongly reflected in all the analyses we performed: the St Lawrence River. This barrier was by far the main driver of the pattern of population structure we observed for this species at a large scale and was strongly supported in all analyses performed. Furthermore, there was a signal of historical isolation present for this barrier as determined by the comparison of R ST and pR ST values; this suggests a longstanding reduction in gene flow rather than a more contemporary barrier effect (Hardy et al. 2003) . The second barrier we identified in some analyses was also consistent with the location of a large river, the Ottawa River (Figure 1 ). Although the evidence for this barrier was not as strong as for the St Lawrence River, the presence of a discontinuity at this location is well supported by both the barrier analyses and the branching pattern and bootstrap values of the neighbor-joining tree ( Figure 2 ). Although rivers have previously been investigated as natural landscape features shaping patterns of genetic structure, it is important to acknowledge that other types of landscape barriers, such as urban and agricultural land cover, also coincide with the presence of major rivers. However, given the magnitude of these rivers (St Lawrence and Ottawa Rivers) in comparison to the size of our study animal and that dispersal over ice in the winter (for the portions of these rivers that do freeze) is highly unlikely as eastern chipmunks hibernate, we consider it reasonable that it is the rivers that are the main barrier. Studies where the potential of rivers or other bodies of water as barriers to gene flow was evaluated have presented equivocal results (e.g., McLoughlin et al. 2004; Spear et al. 2005; Vignieri 2005 This study reports that despite being similar in terms of crossing potential for raccoons, these rivers differ markedly in their permeability to gene flow, where the St Lawrence River is highly permeable compared with the Niagara River (Cullingham et al. 2009 ). The authors propose that differences in density and dispersal behavior, due to productivity of the habitat and landscape shape, may have been responsible for the observed differences in permeability (Cullingham et al. 2009 ). We also had evidence from the Barrier analysis and the neighbor-joining tree that the Mont St-Hilaire sampling site was somewhat isolated from the other sites on the south shore. The landscape surrounding Mont St-Hilaire has undergone major anthropogenic alterations over the last 300 years, with forest being converted to intensive agricultural fields over the last 40-50 years (Bélanger and Grenier 2002) . By 1963, the forests around Mont St-Hilaire were essentially nonexistent as the land had been cleared for use in agricultural pursuits. From that point on, Mont St-Hilaire has essentially been an island of old-growth forest isolated from other tracts of forest in the region (Canada MAB 2000) . We surmise that this progressive isolation might contribute to the genetic distinctness of this site detected by our analyses. To date, there have been very few studies that explicitly verify and conclude that agricultural land use is a barrier to gene flow. A recent study by Lindsay et al. (2008) investigated the role of habitat fragmentation on the genetic structure of the forest-dwelling golden-cheeked warbler (Dendroica chrysoparia). They found a positive association between pairwise genetic differentiation and the percentage of agricultural land between sampling sites suggesting that agricultural land use can decrease gene flow between sites in a heterogeneous environment and induce population substructuring.
Sex-Biased Dispersal
A previous study of dispersal patterns in eastern chipmunks, using telemetry and trapping data, revealed that the average dispersal distance for males (345 m) was greater than that of females (85 m), thus implying male-biased dispersal for this species (Loew 1999) . Our investigation confirms that this pattern holds when using differences in genetic structure patterns to detect sex-biased dispersal. In other words, the differences in movement patterns between the sexes reported by Loew (1999) seem to translate into effective dispersal where gene flow is sex biased as well. Our system also allowed us to investigate in more detail the effects of geographic scale on the detection of sex-biased dispersal. The subsets of sites north and south of the St Lawrence River present differences in the average pairwise geographic distance between sites. Intersite distances north of the St Lawrence River are very large, ranging from 83.7 km to 277.6 km (average 5 188.3 km), compared to inter-site distances south of the St Lawrence, which range from 0.6 to 75.8 km (average 5 48.7 km). This translates into a much lower potential dispersal rate between northern sites compared with southern sites. Goudet et al. (2002) investigated the effects of various parameters on the power to detect sexbiased dispersal and suggested that at lower dispersal rates, v AI should be the most sensitive measure. On the other hand, when higher dispersal rates come into play, F ST measures should become a more sensitive indicator of this process. Interestingly, this is the exact pattern we observed in our study system where sex-biased dispersal was detected by v AI in the northern subset of sites and by F ST in the southern subset. The study of Goudet et al. (2002) also suggests that in cases where sampling is not exhaustive, the sex bias must be important in order to be detected. Given our sampling was far from being exhaustive in most sites (as is usually the case under natural conditions), we might thus expect that sex-biased dispersal is very strong in our study system. It should however be noted that such patterns of sex-biased dispersal are mainly reflective of very recent migration and might not be predictive of the long-term genetic population structuring, because we are assessing dispersal in the current generation, before reproduction.
Conclusions
The results of this study provide the first large-scale characterization of genetic differentiation and population structure for the eastern chipmunk including the identification of major landscape-related barriers to gene flow and evidence for male-biased gene flow. The findings of our study emphasize the importance of simultaneously taking into account landscape elements and geographic distance, considering the scale at which determinants of genetic structure may act and using the correct measures to detect sex-biased dispersal based on the characteristics of a given sampling design.
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